Titania nanocrystalline particles were synthesized by hydrolysis-condensation of titanium tetraisopropoxide in water-in-oil micellar solutions of water/cyclohexane/Triton X-100 system, and the effects of reflux time and water-to-surfactant molar ratio on the particle uniformity, crystallinity, and surface area were studied. Several characterization techniques including TEM and SEM, as well as X-ray diffraction and FT-IR spectroscopy, helium pycnometry, and nitrogen physisorption, were employed to evaluate the particle density and dimensions, crystallite size, surface area value, and the porosity features in the as-prepared condition and also after thermal treatment at 500°C. e results show that all treated samples are dense nanocrystalline anatase particles with BET surface area values over 100 m 2 ·g − 1 and primary particle size of 10-15 nm. However, for the as-prepared samples, as the reflux time increases, a better purification of particles from the synthesis environment is resulted, leading to denser and more crystalline powders with smaller particle size and higher BET surface area values culminating in 179 m 2 ·g − 1 for 24 hours of refluxing. Moreover, decreasing the water-to-surfactant molar ratio from 10 to 5 and 2 increases the particles surface area to 239 and 224 m 2 ·g − 1 , respectively, at the expense of slight density and crystallinity degradation and considerable prolongation of surfactant removal step. Supportively, the comparison between photocatalytic activities of as-prepared samples also evidences the effectiveness of reflux time extension on improving the sample features and enhancing their functionality. is study can highlight how the earlier synthesis steps can influence the evolution of the structure of the final products.
Introduction
TiO 2 nanostructures are highly functional materials for solar energy conversion applications such as photocatalysis and photovoltaics owing to the superior optoelectrical properties and outstanding chemical stability [1, 2] . e results of previous investigations indicate that the solar energy conversion efficiency of the photovoltaic devices utilizing nanocrystalline TiO 2 is critically dependent on the phase, morphology, and porosity features of the titania [3] [4] [5] [6] . For example, in dye-sensitized solar cells (DSSCs), narrow size distributed mesoporous anatase nanoparticles with high values of surface area and pore volume are known to be much more effective in improving the charge transfer properties as well as providing sufficient dye absorption capacity and enough volume for the electrolyte diffusion, which ultimately result in enhanced energy conversion efficiency and superior performance [7, 8] .
e sol-gel synthesis has been successfully applied for preparing nanocrystalline metallic oxide materials including TiO 2 . In general, this method involves the hydrolysis and condensation of a metal alkoxide such as titanium(IV) isopropoxide and yielding intermediate oxo-hydroxide spices which eventually form the metal oxide [1, 9, 10] . However, precise controlling of hydrolysis step through adjusting the sol pH and temperature is critically essential to obtain homogeneous nanoscale oxide networks [4] . Moreover, the as-synthesized precipitates are generally amorphous and a postcalcination temperature over 300°C is required to obtain the anatase phase, whereby the inevitable particle enlargement due to the agglomeration causes collapse of the pore structure and surface area reduction [11] .
Consequently, although sol-gel synthesis routes are capable of large-scale production of TiO 2 nanoparticles with high surface area, limitations still exist, including particle aggregation and wide distribution of particle size [3] .
A better control on the shape uniformity, size distribution, and crystallinity of nanoparticles can be obtained through the surfactant-mediated sol-gel route by employing the reverse micelles [11] [12] [13] [14] . is method provides a controlled synthesis approach whereby the hydrolysis of the precursor is confined to the nanodroplets of water which are previously trapped and stabilized in a dry organic nonpolar solvent through a shell of surfactant molecules separating the polar and the nonpolar domains. e thermodynamic stability of such a system containing two immiscible liquids is by the virtue of the amphiphilic nature of surfactant molecules, whereby the hydrophilic heads of the molecules cover the surface of water nanodroplets while the hydrophobic tails align outwards in the nonpolar solvent. e subsequent reduction in the interfacial free energy results in the spontaneous formation of water nanodroplets dispersed in the nonpolar solvent. ese monodispersed spherical surfactant-covered water pools, called reverse micelles, provide excellent reaction sites for the formation of nanoparticles as the surfactant shell acts as a surface agent, limiting the future growth, and prevents the particles from aggregation and coalescence [15] [16] [17] . Besides, this method impedes the precipitation of metal hydroxide due to probable uncontrolled hydrolysis and condensation of the alkoxide, which leads to the formation of heterogeneous nucleation sites and therefore generation of large clusters with broad size distributions [18] . e synthesis of TiO 2 nanoparticles via the reverse micelle method involves three stages: (1) formation of a water-in-oil microemulsion environment as the reverse micelles in the water/solvent/surfactant system; (2) adding the alkoxide precursor solution such as titanium(IV) tetraisopropoxide to trigger the hydrolysis reaction in the reverse micellar environment and formation of nanoscale TiO 2 network; and (3) washing or removal of the surfactant from the system to obtain the nanocrystalline powders. Several factors determine the final features of the obtained nanoparticles, among which the choice of the surfactant is the fundamental one. Different types of surfactant including AOT [19, 20] and SDS [21] as anionic surfactants and also Brij and Tween series [22] as well as Triton X-100 [23] [24] [25] as the nonionic ones have been employed for the surfactantmediated sol-gel synthesis of TiO 2 . e results show that, in addition, to affect the shape and morphology of nanoparticles, the surfactant structure plays a decisive role in all synthesis stages. e quality of the gel and the subsequent nanoparticles strongly depends on the kinetics of the hydrolysis step [11, 23] . Upon the addition of TTIP solution to the reverse micelle environment, the surfactant layer is the barrier against the alkoxide hydrolysis; however, the microemulsion is a dynamic system and the surfactants involved in the formation of the layers repeatedly leave the micelles and are replaced by others that freely move in the solvent [14] , providing the exchange of materials throughout the barrier with the so-called intermicellar exchange rate. ereafter, the nucleation initially begins on the micelle edges and continues inwards with the arrival of more TTIP fed via the intermicellar exchange [15] . So the barrier that determines the intermicellar exchange rate and thus the kinetics of the hydrolysis step depends on the rigidity of the micelle interface [15] . In a microemulsion system with a high interfacial rigidity, formation of more stable water pools leads to obtaining nanoparticles with smaller crystallite size and narrow size distributions due to the gradual hydrolysis of titanium alkoxide [11, 23] . A surfactant with a longer hydrocarbon chain can prohibit accessing the water inside the micelles more effectively whereby the interfacial rigidity increases. Besides, a lower area per molecule adopted by the surfactant leads to a higher packing density of the interfacial film and thus a higher rigidity [12, 15] . In addition to the hydrolysis part, the last step involving the removal of surfactant molecules from the gel significantly affects the final product quality as well since the remaining organic molecules degrade the nanoparticle surface properties. Here, nonionic surfactants provide better applicability owing to easier removal procedure compared to the ionic and cationic ones [26] . Triton X-100, a polyoxyethylene derivative, is a nonionic surfactant of nearly 50 square angstroms surface area with a hydrophilic chain containing an average of 9.5 ethylene oxide units, which is longer than the lipophilic part made of an aromatic hydrocarbon chain [27] . Having such properties, Triton X-100 is a promising candidate for template synthesis of nanoparticles via reverse micelle approach. e other variant affecting the quality of synthesized nanoparticles is the molar ratio of initial compounds. Several studies [15] [16] [17] have shown an increase in particle size with increasing the precursor concentration. Moreover, since the volume of trapped water pools determines the reverse micelle radius, it is possible to control the size of nanoparticles through adjusting the molar ratio of the water to surfactant, S, as W � [H 2 O]/[S]. Generally, decreasing the ratio leads to smaller water nanodroplets and consequently smaller particles [12, 15] which can be attributed to the effect of water structure inside the water pool on the interfacial layer rigidity. In a system with a low W ratio, the small number of water per surfactant molecules induces a strong interaction between water molecules and the hydrophilic heads of the surfactant, as almost all of the water molecules inside the water pools can be considered as "bound." is condition leads to a high interfacial rigidity, thereby slowing down the intermicellar exchange, and low growth rate. On the contrary, with a higher W ratio, the volume of water nanodroplets increases, whereby the condition for a portion of water molecules changes from "bound" to "free" state, resulting less stable water pools and accelerated intermicellar exchange and fast growth rate [15, 16] .
In addition to the high value of the surface area, shape uniformity, and narrow size distribution, the higher crystallinity of the as-prepared powder is considered as another factor defining the nanoparticle quality. Owing to lower density of trap states and thus smaller recombination rates of photoexcited electrons [28] , the photocatalytic activity of TiO 2 nanoparticles is strongly enhanced by increasing the 2
Advances in Materials Science and Engineering crystallinity which could be achieved through a high-temperature thermal treatment. However, due to the agglomeration of nanoparticles during the postcalcination treatment and the subsequent collapse of the pore structure and surface area reduction, preparing highly crystalline asprepared TiO 2 nanoparticle without further requirement for high-temperature crystallization is particularly favoured [11] . As a logical extrapolation, refluxing the solvent at temperatures considerably lower than those required for the traditional calcination process may be able to crystallize the amorphous nanoparticles synthesized and encapsulated in micellar cavities without significant damage to the micellar structures.
In this paper, we investigate the effects of water-tosurfactant molar ratio, W, and the refluxing time, R, on the surface area, porosity features, and crystallite size of TiO 2 nanoparticles synthesized through the reverse micelle method in water/cyclohexane/Triton X-100 system with the particular scope of obtaining higher quality as-prepared nanoparticles in terms of enhanced photocatalytic functionality. Although the reverse micelle method has been studied extensively [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , to the best of our knowledge, obtaining crystalline as-prepared TiO 2 nanoparticles as a result of reflux time effect has not been investigated before; thus, the findings can contribute to synthesize TiO 2 nanoparticles of superior photocatalytic and photovoltaic performance.
Materials and Methods

Synthesis Procedure. Titanium(IV) isopropoxide (TTIP)
(ABCR, Germany), cyclohexane (Cy), and Triton X-100 ® (TX) (Sigma-Aldrich, USA) were used as precursor, solvent, and surfactant, respectively, without further purification, and distilled water was applied to initiate the hydrolysis. All the amounts of the reagents were kept fixed to the following values, in molar ratios: [H 2 O]/[TX]/[TTIP] � 10/1/1, whereas cyclohexane volumes were evaluated from the ratio:
[TTIP]/[Cy] � 5·10 − 4 mol·ml − 1 , as reported in the literature [29] . Figure 1 shows the schematic representation of the synthesis procedure. Firstly, the reverse micellar environment was prepared by the dissolution of TX in Cy at room temperature and stirring for 10 minutes and then the dropwise addition of stoichiometric amount of distilled water followed by a further 30 minutes stirring. In the next step, the solution of TTIP in Cy was added to the reverse micelle solution and immediately the powder formation occurred. All the obtained suspensions were left under stirring for 30 min before stopping the reaction (sample with no reflux) or starting the reflux step at 80°C for different times. Further step provided the removal of the micellar environment by adding to the suspensions a fixed volume of water/ethanol � 1/1 solution and leaving them in a separation funnel until the complete separation between oil and aqueous phases occurred. en powders were filtered and washed 4 times with the same amount of water; a drying was performed on the powders at 80°C overnight. Obtained products were labelled as R x samples, with x � 0, 1, 2, 15, and 24 representing the time, as hours, of the refluxing step of the suspension. Following similar synthesis procedure, two other samples were prepared with refluxing time of 24 h but employing different W � [H 2 O]/[TX] molar ratios of 5 and 2 instead of the previously used W � 10. ese samples, labelled as W 5 and W 2 , formed the second group of samples together with the W 10 (R 24 ). Finally, a fraction of all samples were taken for heat treatment at 500°C for 2 h in a static air oven. Figure 1 summarizes the steps for preparation of TiO 2 nanoparticles.
Characterization.
e as-prepared and treated powders were characterized by several techniques. Density measurements were performed by a Micromeritics 1035 helium pycnometer (Micromeritics, USA), and N 2 sorption isothermal analyses were obtained by a Micromeritics ASAP 2010 porosimeter (Micromeritics, USA). Before the analysis, each sample was degassed at a final pressure of <1.3 Pa. e assessment of their surface area values was performed by using BET equation, applied in the range: 0.05 < P/P 0 < 0.33. en the BJH model was applied in order to classify the pore size distribution curves. From the above data, primary particle dimensions were evaluated, under the assumption of a spherical symmetry, using the following equation:
where d is the primary particle dimension, SSA means the specific surface area value, and ρ represents the skeletal density. SEM micrographs were obtained by JSM-5500 instrument (JEOL, Japan), operating at a voltage of 10 kV. FT-IR measurements were performed on powders dispersed into KBr pellets using an Avatar 330 spectrophotometer ( ermo Nicolet, USA). TEM images, SAED patterns, and regarding indexing graphs were obtained using a STEM microscope, Talos ™ F200S S/TEM instrument ( ermo Fisher, USA), operating under accelerating voltage of 200 kV. e XRD spectra were collected with a Rigaku IIID-Max powder diffractometer (Rigaku, Japan), employing Cu Kαα1 radiation (λ � 0.154056 nm) and a graphite curved monochromator, set on the diffracted beam. Experimental spectra were evaluated, in terms of phase content and line profile analysis, by using MAUD software, a derived Rietveld method for quantitative analysis, associated with Warren-Averbach theory for the crystallite size evaluation [30] .
Photocatalytic Tests.
e photocatalytic activities of asprepared samples were checked by the degradation of aqueous solutions of Calmagite dye (0.1 % weight; Sigma-Aldrich, USA). Typically, a fixed amount of as-prepared TiO 2 nanoparticles was added to the solution in a quartz cuvette; then, the solution was irradiated for 20 s by UV rays of λ � 220 nm wavelength using JASCO V-570 spectrophotometer (JASCO, Japan). After the UV irradiation, the wavelength was set at 528 nm in order to measure the decrease in absorbance of the purple-coloured dye solution as a function of time. e solution with no addition of nanoparticles was analysed with the same protocol as the blank test.
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Results
e results of the X-ray diffraction analysis, helium pycnometry measurements, and also N 2 physisorption analysis are reported in Tables 1 and 2 , regarding the as-prepared and treated powders, respectively. Figure 2 provides a visual comparison for as-prepared R 0 and R 24 samples, followed by two pairs of high-and low-magnification SEM images. In Figure 3 , for as-prepared powders synthesized through different refluxing times and W ratios, the FT-IR spectra are depicted, comparing all samples after being washed for four times. Moreover, for the as-prepared R 24 sample, the FT-IR spectra after different numbers of washing are compared with the spectrum of the treated R 24 sample. In Figure 4 , the TEM images of R 24 (W 10 ) and W 2 samples in as-prepared and treated conditions are shown in addition to regarding SAED patterns and indexing graphs, followed by X-ray diffraction patterns of all samples in Figure 5 . e isothermal N 2 physisorption curves of the samples in the as-prepared and the treated condition are illustrated in Figure 6 . e sample porosity features are reported in terms of the total pore volume and average pore diameter in Figure 7 , as well as the pore size distribution and the modal pore diameter in Figure 8 , respectively. Finally, the comparison between photocatalytic activities of as-prepared TiO 2 nanoparticles is shown in Figure 9 through depicting the relative absorbance degradation of the Calmagite dye solution over the time as a result of UV irradiation in the presence of the samples.
Discussion
As-Prepared Samples.
e first goal of this work was to enhance the uniformity and crystallinity of the as-prepared TiO 2 nanoparticles as a function of the reflux time. e powder uniformity was studied in terms of skeletal density, particle dimension, and remaining surfactant amount, and the results of XRD analysis and TEM observation were used to investigate the powder crystallinity.
According to the values reported in Table 1 for asprepared samples, as a general trend, the increase of the reflux time leads to higher values of the skeletal density together with the decrease of the particle dimensions. An indirect proof of this feature can be evidenced from SEM micrographs, reported in Figure 2 Advances in Materials Science and Engineering 5 comparatively. In low magnification, both samples look like large aggregates of primary particles while some differences could be observed in the high-magnification mode: the surface of the R 0 particles appears very smooth and flat, whereas the R 24 particles look like more ordered with a prismatic symmetry. Seemingly, aggregates in R 0 are formed since the surfactant is still present, entrapped among the nanoparticles. e presence of − OH groups can act as specific sites for the aggregation of the primary particles afterwards. In Figure 3(a) , the FT-IR spectra confirm that the surfactant is still present in as-prepared samples after four times of washing since the absorption peaks attributable to organic residuals are detected, including CH 2 and OH stretching peaks in the range of 2800 to 3000 cm − 1 and 3000 to 3500 cm − 1 , respectively. However, as the reflux time extends, the intensity of peaks turns out to be considerably small, indicating negligible surfactant contents in the samples R 15 and R 24 . Moreover, as shown in Figure 3 (b) for the sample R 24 , an almost surfactant-free product comparable with the treated sample is possible to obtain by increasing the numbers of washing. For the samples W 5 and W 2 that contained higher amounts of initial surfactant, more remained organic residuals are detected compared with the sample R 24 , making the required numbers of washing up to nearly double to obtain an almost surfactant-free sample (not shown here). us, as the first result, it can be concluded that a sufficiently long reflux time brings about the capability of removing almost all contaminants and results in powders of smaller particle size and higher density while short refluxing times lead to formation of large particles of Advances in Materials Science and Engineering 7
lower density values containing organic residuals. e samples R 1 and R 2 display unique behaviors with respect to the R 0 one in most of characterization results, suggesting that, for lower reflux times, the interactions between the different phases, in organic and aqueous media, are still strong and complex.
Another conclusion derived from the reported data in Table 1 is regarding the crystallinity of as-prepared powders: more nanocrystalline anatase phase is obtained in case of increasing the reflux time, as also shown in Figure 5(a) where the XRD spectra of the as-prepared samples are reported as functions of reflux time and W ratio. All samples with 24 h refluxing time are evidently more crystalline than other samples, indicating a higher yield of the hydrolysis-condensation reactions in the micellar environment. However, in the samples of lower W ratio, a slight degradation in crystallinity and a little reduction of crystallite size are identified.
is conclusion is confirmed by the TEM observation, as illustrated in Figure 4 (a) for the samples R 24 (W 10 ) and W 2 in the as-prepared condition. e TEM analysis shows that both samples are composed of ultrafine uniform spherical nanoparticles with the dimension of 5-10 nm that display the lattice fringes. e selected area electron diffraction (SAED) patterns and the corresponding indexing graphs indicate the crystallographic features of anatase phase with the interatomic spacing of d ≈ 3.7A°for Figure 5 : X-ray diffraction patterns of TiO 2 nanoparticles in the as-prepared state (a) and treated condition (b), obtained through different refluxing time (on the left) and different water-to-surfactant ratio (on the right). 8 Advances in Materials Science and Engineering (101) planes. In accordance with XRD results, the higher W ratio is associated with increased crystallinity. In addition to uniformity and crystallinity, enhancing the surface area and porosity features of the as-prepared samples is another goal of this work. e data reported in Table 1 indicate that both reflux time and W ratio play a key role on the obtained values for the specific surface area of asprepared TiO 2 nanoparticles. By increasing the reflux time to 24 h, larger surface area value up to nearly 180 m 2 ·g − 1 is obtained which even increases to 220-240 m 2 ·g − 1 in case of low W ratios, much higher than the reported values for commercial catalysts based on titanium dioxide [31] . In the isothermal nitrogen physisorption curves depicted in the upper part of Figure 6 (a), a plateau region at high values of relative pressure, P/P 0 , is observed for all of the samples, indicating the presence of mesoporous solids. For R 0 and R 1 , the adsorption branch can be classified as a composite of Type I and Type II curves, according to IUPAC classification [32] , whereas R 2 , R 15 , and R 24 samples display Type IVa isotherms. Moreover, all the curves are characterized by the presence of hysteresis loops, attributable to Type H 4 for the former samples and Type H 2a for the latter ones. e results concluded from the physisorption analyses can be interpreted as follows: (i) for no or short refluxing times, the gas Relative pressure (P/P 0 ) Figure 6 : e isothermal N 2 physisorption curves of TiO 2 nanoparticles in the as-prepared state (a) and the treated condition (b), obtained through different refluxing time (on the left) and different water-to-surfactant molar ratio (on the right). uptake can be associated with the micropore filling; (ii) for longer times, a more complex pore and network structures take place, as referred for many ordered metal oxides [33] ; (iii) for a low W ratio, the plateau region is less evident, probably due to less amount of mesopores. Complementary details can be obtained through the porosity analysis of the samples in terms of the evaluation of total and average pore volume at relative pressures of P/P 0 > 0.95, as indicated for mesoporous solids [33] , and also the distribution curves of pore volume with respect to the pore diameter obtained via the BJH method. e illustrated results in Figures 7(a) and 8(a) imply that all samples display broad pore distribution curves with a unimodal trend; however, short reflux time leads to very small pore volumes, whereas the reflux for 24 h brings about highest pore volume values, among which high to intermediate values of W ratio exhibit higher pore volumes. e observations regarding higher values of surface area and pore volume are in accordance with the previously discussed argument about the advantages of sufficient reflux time in obtaining surfactant-free nanoparticles in terms of better porosity features and surface quality. Table 2 , the reported values indicate that the reflux time and W ratio are also determining factors on the structural and morphological parameters of the Figure 7 : A comparison for the BJH Adsorption total pore volume and BJH adsorption average pore diameter of TiO 2 nanoparticles in the as-prepared state (a) and the treated condition (b), obtained through different refluxing time (on the left) and different water-to-surfactant molar ratio (on the right). treated samples, however, to a lesser extent compared to the as-prepared ones. Accordingly, the skeletal density increases and the particle size decreases with higher reflux time. Long reflux time and high to intermediate values of W ratio allow to obtain almost fully dense powders with the lowest particle size (samples R 24 and W 5 ), However, even for short reflux time and low W ratio, density values of 85-90% of the theoretical limit are estimated.
Treated Samples. In
Regarding the XRD spectra in Figure 5(b) , the qualitative analysis evidences the presence of anatase polymorph, whereas for the samples with longer reflux time, small amounts of brookite is also implied (estimated below 4 wt%), confirming the evolution of titania nanoparticles during thermal treatment above 400°C. However, the reported values for the crystallite size in Table 2 highlight that the ordered domains of all treated samples (except R 1 ) fall in the narrow range of 13-15 nm, and regardless of the errors due to the simplified model adopted, crystallite size values are quite identical to the calculated particle dimensions. e same result is concluded from the TEM observation, as illustrated in Figure 4 (b) for the samples R 24 (W 10 ) and W 2 in the treated condition. In comparison with the as-prepared condition, a larger particle dimension up to 10-15 nm is observed for both samples and the lattice fringes are more evident.
e selected area electron diffraction (SAED) patterns and the corresponding indexing graphs show the crystallographic features of highly crystalline anatase phase, together with a minor amount brookite phase in the samples R 24 (the peaks marked with blue lines). e comparison between the BET surface area and particle size value of samples before and after thermal treatment provides a useful criterion for observing the effect 18 Figure 8 : A comparison for the BJH adsorption pore size distribution of TiO 2 nanoparticles in the as-prepared state (a) and the treated condition (b), obtained through different refluxing time (on the left) and different water-to-surfactant ratio (on the right). e inset tables report the BJH adsorption modal pore diameter values, obtained from the full width at half-maximum height of the distribution curves. of reflux time on the obtained nanoparticle features. While the thermal treatment of R 0 , R 1 , R 2 , and R 15 results in higher surface area values and smaller particle sizes, opposite situation is true for all the samples prepared through 24 h reflux time. A similar trend is also observed for pore volume values since as a result of thermal treatment, the pore volume of short-refluxed samples increases while it decreases for all samples prepared through 24 h reflux time. A possible reason for such different behavior could be addressed to the low crystallinity and remaining surfactant in the former group whereby the high-temperature approach considerably improves the structural and morphological features, while for the latter group, the consequence of postcalcination process is merely the thermally activated growth of nanoparticles and surface area reduction. However, as it is reported in Table 2 , in all treated samples (except R 1 ), the surface area values still remain high, above 100 m 2 ·g − 1 . e physisorption curves in Figure 6 (b) show that all treated samples are classified as mesoporous; however, some differences can be derived from the classification of the isothermal curves. In fact, W 2 sample displays an isothermal curve similar to those for short reflux times, whereas W 5 curve is somehow similar to that of R 15 sample. Similar to the as-prepared powders, short reflux time leads to Type H 4 hysteresis loops, whereas R 15 , R 24 , W 2 , and W 5 powders show Type H 2a loops, indicating the presence of a more complex network structures. e main discrepancy is observed for R 1 sample which displays also the lowest surface area and total pore volume values. Figure 9 provides a useful comparison between the photocatalytic activities of as-prepared nanoparticles through reporting the degradation of a UVsensitive dye solution in terms of relative absorbance reduction over the time. e addition of R 24 sample to the dye solution gives rise to the highest degradation rate as the absorbance decline in the form of vanishing the dye color starts immediately after the powder addition, resulting in lower absorbance value of t � 0 compared with those of other samples. For other samples, lower degradation rates are observed, with a trend more or less according to the specific surface area values together with crystallite size dimensions as reported in Table 1 . research was accomplished by the virtue of the PhD grant provided by the University of Trento and received no external funding. 
Photocatalytic Tests.
